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 In developing countries, the informal sector, particularly small-scale welding 
activities, are considered to be an important contributor to urban air pollution 
although studies in this sector are limited. This study aims to identify the 
composition of small-scale welding fume in order to further investigate the effects
and set control strategies and urban pollution abatement policies. Breathing zone air 
samples were collected from 30 mild steel manual metal arc welders and 17 non-
welders in Bandung City, West Java, Indonesia. The respirable particulates in air 
samples were analyzed using gravimetric method, and Instrumental 
Neutron Activation Analysis (INAA) was employed to identify characteristic of 
welding fume. It was found that respirable particulates concentration in welders 
(range : 315.6 and 3,735.93 µgm-3; average 1,545.436 µgm-3) were significantly 
higher than in non-welders (range : 41.84 and 1,688.03 µgm-3; average : 
375.783 µgm-3). Welders’ breathing zones contain Fe>Na>K>Mn>Al 
>Cr>Ti>Cl>Br>I>Zn>Sb>V>Co>Sc; while non-welders’ breathing zones contain 
Cr>F>Al>Ti>Na>Br>I>Mn>Cl>Co>Zn>Sc. Inter-species correlation analysis 
conducted using Statgraphic Ver. 4.0 shows that Fe (range : n.d. – 775.19 µgm-3; 
average: 0.1674 µgm-3), Co (range : n.d. – 0.51 µgm-3; average: 0.000082 µgm-3), 
Mn (range : 0.39 – 148.37 µgm-3; average: 0.0374 µgm-3), Na (range: 
0.17 and 623.85 µgm-3; average: 0.0973 µgm-3) and K (range : n.d. – 301.15 µgm-3; 
average: 0.0535 µgm-3) were emitted from welding activity, and thus are considered 
as components of welding fume which contribute to urban air pollution. Although 
welding fume and the identified species in welding fume were still below 
permissible limit, small-scale welding activities have great potential in emitting 
higher fume concentration due to due to high variability of welding activities, such 
as welding frequency, materials being welded, and varied environmental conditions. 
 
© 2012 Atom Indonesia. All rights reserved
 
INTRODUCTION∗ 
 
Rapid urbanization and increase of human 
activities in urban area are known to have strong 
link with the escalation of urban air pollution.       
The impacts of human activities are particularly 
severe in the Asian region [1]. Previous studies 
show that airborne particulate concentration in 
Bandung City as the capital city of West Java 
Province, Indonesia, has increased during 2004-
2005 due to several pollution sources [2], typically 
from energy production, traffic and from industrial 
                                                
 
∗ Corresponding author. 
   E-mail address: anindrya@gmail.com 
processes [3]. Compared with in most other places, 
this problem is more severe in Bandung City, since 
it is located inside a valley, therefore preventing 
pollutants’ release into the upper atmosphere. 
In developing countries, air quality problems 
are not only generated by aforementioned activities. 
The informal sector1, as an attempt for survival by 
the urban poors, must be taken into account since 
                                                
1The term ‘informal sector’ has many interpretations. In this case, as 
defined by the International Labor Organization, it comprises small-
scale units consisting of independent, self employed producers, some of 
whom also employ family labor and/or apprentice; which operate with 
very little capital; at low level of productivity, providing irregular 
incomes; unregulated by the government; and generally live and work in 
appalling, often dangerous and unhealthy condition, even without basic 
sanitary facilities [4]. 
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several pollution-intensive informal activities,                
such as tanning, brickmaking, automotive repair, 
wood finishing, metalworking and electroplating 
significantly contribute to urban environmental 
quality [4,5]. Although the informal sector                
provides most of the employment in most 
developing countries [6], the pollution it causes 
cannot be overlooked. Generalizations about the 
environmental impacts of informal sector might be 
misleading since several types of small-scale 
business create fewer environmental problems than 
vehicular emission or other activities [7].                         
In contrast, municipal government lacks a clear 
understanding of the magnitude and incidence of the 
environmental damages of informal sector [8]. 
Therefore, studies regarding contribution of 
informal sector to urban environment must be 
conducted in regard to set place urban pollution 
abatement policies. 
Privately owned small-scale welding 
activities are generally found in the cities of 
developing countries. Many of them use electric arc 
and mild steel as the parent metal, utilizing a 
technique known as manual metal arc welding 
(MMAW). Respirable particulate matters emitted 
from the mild steel MMAW process, containing F, 
K, Ca, Mn, Fe, Zn, and Pb [9], can contribute to 
urban air pollution and pose various health risks to 
welders and those who live nearby. Further, this 
effect is made worse by the high variablity of  
small-scale welding activities and lack of safety 
measures and emission control strategies in informal 
welding sector. 
Therefore, it is important to identify the 
composition of small-scale welding fume in order to 
further investigate the effects of the fume and to set 
control strategies. This is even more so since such 
studies for small-scale activities were hardly ever 
performed. This paper will discuss the identification 
and characterization of species contained in small-
scale manual metal arc welding fume collected from 
the breathing zones of welders and non-welders in 
Bandung City.  
 
 
EXPERIMENTAL METHODS 
 
The study was initiated by observing small-
scale welding workshops throughout the Bandung 
area. Large numbers of welding workshops emitting 
hazardous metals and other compounds are feared  
to worsen the pollution in Bandung. The accurate 
data regarding the exact number of welding 
workshops  is still unknown, but in general, welding 
workshops in Bandung City are quite numerous                
and geographically distributed, making them 
difficult to monitor. Furthermore, new welding 
activities emerge sporadically in real estate               
project development areas, targeting new residences 
which probably need fences, awnings, and               
other metal products for the newly built housings.               
Jalan Bogor and Cingised were chosen as               
study locations since welding activities in Bandung 
City are concentrated in those areas. Both locations 
are located near residential area and contain               
several commercial activities. The total numbers               
of samples and controls suitable for a scientific 
research are 30-500 samples and 10-20               
controls, respectively [10]. Therefore, breathing 
zone air samples were collected from 30 welders 
and 17 non-welders as controls. The non-welders 
work as street shoe merchants in Kosambi,                
far from welding workshops to avoid welding 
exposures. All welders are smokers, therefore               
the controls selected are also smokers to make 
obtained results comparable. 
The observed welding activities utilize 
manual metal arc welding, in which the               
parent metal and the electrodes are heated               
using electrical arc into liquid phase, allowing                
the molten electrode to bridge the gap between 
parent metal pieces [11]. The activities               
are conducted in small open workshops in               
street sidelines, with one to five welders               
per workshop which operate from 8.00 a.m. to           
16.30 p.m., Monday to Sunday, although               
the welding intensity greatly depends on customers’ 
order. 
The materials being welded are mild               
steel, which consists mostly of iron, as parent      
metal, and electrodes containing carbon,               
silica, selenium, phsophorus, and manganese.               
The Nikko Steel RD260 and the Atlantic E6013 
are electrode brands commonly used by welders               
in the  study areas. They contain 0.5% Mn, 0.08% 
C, 0.3% Si, 0.02% S, 0.02% P; and 0.48% Mn, 
0.10% C, 0.35% Si, 0.022% S, 0.019%                
P, respectively.  
Welding activities are known to produce 
fumes which consist of 0.01-2 µm agglomerates               
of metal oxide nanoparticles formed during               
high-temperature metalurgical processes [12].               
This study was focused on fine particles in               
welding fume, since respirable particulates                
are the ones which will enter the lung,               
stay in alveoli, and cause health problems [13]. 
Breathing zone air samples were taken using               
a Hi Flow Personal Sampler Gillian HFS-513A      
with mixed cellulose estherfilter (25 mm in 
diameter) with a pore size of 0.8 µm with               
SKC aluminium cyclone 225-01-01/02. 
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The respirable particulates in air samples 
were analyzed using gravimetric method [14],                 
and the elemental analysis of welding                        
fume were conducted using Instrumental                
Neutron Activation Analysis (INAA). INAA has 
advantages compared with other methods,                
including its simultaneous measurement,                
multi-elemental analysis, high sensitivity, short 
analysis time, and non-destructive properties                 
[14,15]. Standard reference materials (SRM)               
were used to ensure high accuracy of results. 
The determination of the sources of                    
the species contained in air sample, to                      
ensure whether the identified component                   
in air samples were generated from the                   
welding activities, was performed using                   
receptor models technique. This technique              
employs air quality measurements of particle               
bound chemical species to apportion the 
contributions of various sources [3]. The main 
sources of particulate matter are resolved                   
from the sample data measured and                        
analyzed using factor analysis, which has a 
successful application in source apportionment                
of particulate matter [15]. Chemical species                    
with similar variabilities are grouped together                   
in a minimum number of factors representing 
pollution sources, which explain the variability                
of the data set [15,16]. In this study,                     
chemical species grouped within one of the                
factors are predicted to be the elements of                 
welding fume. The factor analysis was conducted 
using Statgraphic Ver.4.0, with several iterations 
of data to obtain factors with strong inter-species 
correlation. 
 
 
RESULTS AND DISCUSSION 
 
Concentration of respirable particulates and 
metals on welding fume of welders and 
breathing zone air of non-welders 
 
Based on calculations using gravimetric 
method, concentration of respirable particulates                 
of non-welders was found to range between                  
41.84 and 1,688.03 µgm-3 (average 375.783 µgm-3), 
while the concentrations of respirable particulates  
of welders vary between 315.6 and 3,735.93 µgm-3 
(average 1,545.436 µgm-3). Figure 1 shows                   
the distribution of respirable particulates in welders 
and non welder samples, and controls. The average 
concentration of respirable particulates in the 
breathing zones of welders was four times as high as 
in the breathing zones of non-welders. 
 
 
Fig. 1. Concentration of respirable particulates in breathing 
zone of welders and non welder samples, and controls. 
 
The average concentrations of respirable 
particulates in commercial area, residential area, 
conservation area, and industrial area in Bandung 
City from a previous study were shown in              
Table 1.  
It was found in this study that respirable 
particulate concentrations, both in location of 
welders and controls were much higher than 
found in previous studies. This could be due to 
various factors. 
 
Table 1. Weekdays respirable particulate concentration in Bandung 
City [14] 
 
Location Concentration range (µgm-3) 
Average 
concentration 
(µgm-3) 
Commercial area 48.97 – 107.72 83.28 
Residential area 22.58 – 157.13 67.93 
Conservation area 21.30 – 61.73 51.30 
Industrial area 26.85 – 104.63 72.65 
 
First, all participants in this study are 
smokers. It is known that cigarette smoke is a 
strong factor which affect personal exposure for 
PM2.5, where active smokers have respirable 
particulate exposure as much as three times as 
non-smokers, and passive smokers have twice          
as much as non-smokers [3,14]. Second, the 
sampling locations are in the streetside. The 
locations of both welding and non-welding 
activities serve as commercial area and are 
located in streetside line, and are frequently 
passed by numerous motor vehicles emitting 
particulate matters. Identified respirable 
particulate concentration for welders in this           
study were 18 times higher than respirable 
particulate in commercial area on previous study. 
It is clear  that welding activities highly affect 
concentration of respirable particulate in air. 
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The working hours of welders on sampling 
day varied between 6 to 8 hours. The conver-           
sion of respirable particulate concentrations              
resulted in Time Weighted Average (TWA) value 
1,665.874 µgm-3. The Threshold Limit Value –
Time Weighted Average (TLV-TWA) of welding 
fume recommended by ACGIH is 5000 µgm-3. 
Although respirable particulates concentrations              
in welders were still below its maximum 
allowable concentration, the health hazard            
cannot be left unattended, considering the              
high variability of welding activities. In addition, 
both study areas are located near residential  
areas, so exposure risk of welding fume 
components may occur to neighboring residents. 
Figure 2 shows the differences of 
concentration distributions of welders and               
non-welders, while Table 2 shows the ranges              
of concentrations of welding fume and           
breathing zone air of non-welders. High variation                    
were found in concentrations of each chemical 
species obtained in welders’ breathing zones    
since samples were taken from wide-                  
ranging volume of welding activities. Chemical 
species in upper left graph of Fig. 2 have                     
the highest concentrations among them,                     
with iron (Fe) as the highest. Welders breathing 
zones contain the following chemical                   
species, from highest concentration to the               
lowest one; Fe, Na, K, Mn, Al, Cr, Ti, Cl, Br, I, Zn, 
Sb, V, Co, Sc. Meanwhile, non-welders’ breathing 
zones contain Cr with the highest concentration, 
followed by Fe, Al, Ti, Na, Br, I, Mn, Cl, Co,                
Zn, and Sc. Meanwhile, K, V, and Sb were                 
not detected in samples  of breathing zone air                
of non-welders. Mg, Cu, Ca, and La were excluded 
from Table 2 since they were not detected both            
in welders and non welders breathing zones.              
It was shown that average concentration of Mn, 
Cl, Zn, Na, and Fe breathed by welders were 50, 22,               
12, 10, and 8 times higher than detected                     
in non welders, respectively. Cl detected                 
in welders’ breathing zones in this study                    
was much lower than previous study [14]. 
Moreover, K was detected in relatively                    
high concentration in welders’ breathing                
zones but was not detected in breathed                        
air samples of non-welders. Although cobalt                   
is not stated in labels of electrodes used in                
study area, it was detected in welders’ breathing 
zones. Cobalt was probably come from                 
minor elements of electrodes which were                    
not stated in the label, from other electrode 
brands, or from other pollution sources.  
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Fig. 2. Chemical species concentration found in welders and 
non-welders. 
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Table 2. Concentration range of breathing zone samples of 
welders (welding fume) and non-welders 
 
 
Note : n.d. = non-detected 
* Average concentration in commercial area [14] 
 
Subsequently, Al, Sc, Co, and Ti were 
found in higher concentrations in welders than in 
non-welders, but the difference in concentrations 
between welders and non-welders is less marked 
than is the case with Mn, Cl, Zn, Na, and                       
Fe. Further, V and Sb were found in small 
concentration in welders and not detected in non 
welders. Meanwhile, concentrations of Cr, I and              
Br in non-welders were higher than those detected 
in welders.  
In general, the concentrations of primary 
species detected in high concentration were still 
below Threshold Limit Value. However, the 
highest concentration of manganese (Mn) in 
detected welders was 148.37 µgm-3, close to its 
TLV-TWA (200 µgm-3) recommended by 
ACGIH. This finding must be taken into account 
in exposure control of welding fumes, since a 
previous study found that mean concentrations of 
airborne, blood, and urinary manganese in 
welders were significantly higher than controls 
[17]. Manganese is recognized as causing adverse 
health effect, mainly metal fume fever and a 
central nervous system disorder called 
“manganism” [18]. 
 
 
Identification of pollution source using 
correlation analysis and factor analysis 
 
The total species found in samples of 
welders and non-welders suggest that several 
pollution sources might be present. In general, a 
pollution source contains specific chemical 
species with inter-species strong correlation. In 
identification process of a pollution source, 
dominant species in a pollution source play 
important role as determining elements. The 
correlation coefficient (r) is used in identification 
of pollution source by selecting species with 
positive correlation coefficient valued more              
that 0.6 [9]. A correlation coefficient (r) of               
0.6 – 0.799 indicates a strong inter-species 
correlation, while positive value of r is selected to 
see the increase of a species compared with other 
species [9]. By following those considerations, 
inter-species correlation analysis were conducted 
to species in welding fume samples of welders, 
breathing zone air samples of non-welders, and 
between samples of welders and non welders, 
using Statgraphic Ver. 4.0. Table 3 and Table 4 
shows the correlation results. 
 
Table 3. Inter-species correlation with r values ≥ 0.6 
 
Inter-species correlation in 
welding fume samples of 
welders 
Inter-species correlation in  
breathing zone air samples 
of non-welders 
Al with Cu Fe with Sb Al with Co 
Al with Mg Fe with Sc Al with I 
Cu with Mg K with Mn Al with Mg 
Cl with Sc K with Na Cl with Co 
Co with Fe Mn with Na Cr with I 
Co with Mn Mn with Sb Cr with Ti 
Fe with Mn Na with Sb Cu with Zn 
Fe with Na Sb with Sc  
 
The results show that strong correlation 
between Fe and other species were only found in 
welding fume samples. It was therefore concluded 
that Fe is emitted by welding activity as specific 
source. In order to support the idea, correlation 
between Fe, Mn and Na were plotted as 
demonstrated in Fig. 3 below. 
 
 
 
 
Fig. 3. Correlation of Fe, Mn, and Na in welding fume samples. 
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The correlation coefficients between Fe with 
Co, Mn, Na, Sb and Sc are shown in Table 5 below. 
It is clear that the correlations of Fe with Mn, Na, 
Co, Sb and Sc in air samples of welders were 
stronger than in non-welders, which were mostly 
low, even negative. In addition, K is found to have 
strong correlations with Mn and Na. This indicates 
that Fe, Mn, Na, K, Co, Sb and Sc are emitted from 
welding activity. Moreover, strong correlations were 
found between Al, Cu dan Mg in air samples of 
welders. A strong correlation between Al and Mg 
were also found in air samples of non-welders, 
indicating other possible sources of pollution in 
study area. Additionally, factor analysis was 
conducted to determine whether Fe, Co, Mn, Na, 
Sb, and Sc are components of welding fumes. 
 
Table 5. Correlation coefficients of Fe, Mn, Na, Co, Sb dan Sc 
 
Inter-species 
Correlation 
Correlation coefficient (r) 
Welders Non-welders 
Fe with Mn 0.626 -0.122 
Fe with Na 0.597 -0.171 
Fe with Co 0.687 0.187 
Fe with Sb 0.811 - 
Fe with Sc 0.696 0.325 
Mn with Na 0.709 -0.234 
Mn with Co 0.611 -0.143 
Mn with Sb 0.783 - 
Sb with Sc 0.657 - 
 
Factor analysis is conducted by reducing a 
number of variables into more meaningful variables. 
Several iterations using Statgraphic Ver 4.0 resulted 
in maximum reduction of 19 welding fume elements 
into 16 elements, with the eigenvalue of 1.3. 
Elements in welding fume were grouped into 4 
factors to obtain optimum result. From each factor, 
pollution sources that contribute to the elements in 
welding fume can be determined by knowing the 
strength of dominant elements in welding fume.  
The strength of dominant elements is expressed by 
factor loading value as shown in Table 6 below. 
 
Table 6. Matrix of factor loading values of welding fume in 
welders 
 
Factor 1 Factor 2 Factor 3 Factor 4
Al - 0.5374 0.1665 
Br - 0.1655 - 0.1507 
Ca - - 0.8395 
Cl - - - 
Co 0.6914 0.3757 
Cr - 0.7713 0.26 
Fe 0.7646 - 
K 0.5513 - 0.2025 
La 0.1706 0.5128 
Mg - - 0.7765 
Mn 0.6007 0.5791 0.816 
Na 0.6722 - 
Sb - 0.8620 
Ti - 0.2689 0.4524 0.3166 
V - - 0.2635 0.5985 
Zn 0.2419 - 
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The dominant species in Factor 1 were Co, 
Fe, K, Mn and Na. The result is similar with 
correlation analysis results which identified Fe, K, 
Co, Mn, Na, K, Sb and Sc, as welding fume 
elements. It is concluded that Factor 1 contains 
elements emitted from welding activity, which 
were Fe, Co, Mn, Na dan K; this results agrees 
with a previous study that stated Fe, Mn, Si, K, 
Ca, and Na as welding fume components [13]. 
However, Ca was not detected both in welders 
and non-welders in this study and method 
employed in this study is still not able to measure 
Si concentration.  
Pollution source of Factor 2, Factor 3, and 
Factor 4 were indicated to result from soil, 
construction, and motor vehicles, respectively. Al, 
Mn and Ti indicate soil dust as pollution source; 
Ca is characterized as cement element; and Zn is 
produced from motor vehicle emission [16]. The 
presence of species in Factor 2, 3, and 4 shows 
that welding fume composition was contributed 
by  other pollution source. Soil and motor vehicle 
emission were assumed to come from road 
activity while cement from construction activities 
near  study location. 
Table 7 presents the percentages of Fe and 
Mn concentration to welding fume, compared with 
the reference [9]. Percentages of Fe, Mn, and K 
concentration are quite comparable with reference 
value, pointing that Fe, Co, Mn, Na, and K are 
welding fume components. 
 
Table 7. Comparison of percentage of element concentrations 
in welding fume with reference value 
 
Elements Reference  (%) [9] Sample (%) 
Fe 11 – 32 n.d. – 20.75 
Co - n.d.– 0.01 
Mn 2.8 – 5.9 0.12 – 3.97 
Na - 0.05 – 16.7 
K 9 – 19 n.d. – 8.06 
 
Similar factor analyses conducted on 
breathing zone air samples of non-welders 
resulted that Factor 1, 2, 3, and 4 were dominated 
by elements that indicating soil dust (Al); motor 
vehicle emission (Br) and sea salt evaporation 
(Cl); industrial pollution (Cu); and motor vehicle 
emission (Br), respectively. This result is similar 
to that of a previous study, where it was found 
that atmospheric pollution sources in Bandung 
City are soil dust, motor vehicle, biomass 
incineration, sea salt, and road dust [15]. 
Recommendation 
 
Further investigations are required to 
analyze Si and F species, which are known to be 
welding fume component. Also, since particular 
health hazards linked to the welding fume in 
welders and general population have not been 
studied, research regarding exposure of welding 
fume and each species containing in it can be 
conducted using the result of this study. It is 
recommended that more comprehensive and 
upscaled studies are carried out in order to obtain 
quantitative contribution of welding activities to 
overall pollution in Bandung, to assess the effects 
of seasonal variation on welding emission, and 
link to health impacts caused by this activity. 
Welding activities must be equipped with 
adequate facilities in order to comply with safety 
standards and reduce emission. Nevertheless, law 
enforcement approach is seemingly ineffective to 
overcome this problem with informal welding 
sectors, partly because most of the welding 
workshops do not have business establishment 
permit. In addition, government regulation and 
monitoring of informal sectors is insufficient, in 
this case in Bandung City and West Java 
Province. The comprehensive study regarding 
source identification and risk assessment can be 
used in set up policies regarding pollution caused 
by informal sectors. Several policy options can be 
reviewed to enhance the participation of the 
informal sector in urban pollution abatement. 
 
 
CONCLUSION 
 
Identified components of small-scale manual 
metal arc welding fume in this study are Fe, Co, 
Mn, Na, and K, with higher concentration detected 
in welders than non-welders. Welding activities 
contribute to increase of these species in urban air 
environment. Although welding fume and the 
identified species in welding fume were still 
below permissible limit, small-scale welding 
activities have great potential in emitting higher 
fume concentration due to due to high variability of 
welding activities, such as welding frequency, 
materials being welded, and varied environmental 
conditions.  
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